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ABSTRACT

Investigations have been conducted to determine
the static longitudinal aerodynamic characteristics of
several configurations of the Little Joe-Apollo and
Little Joe II-Apollo test vehicles at angles of attack
from 0° to 90° at the low-subsonic Mach numbers and
at angles of attack from -15° to +15° at the transonic
and supersonic Mach numbers. The tests covered
Mach numbers from 0. 056 to 4. 65. The Little Joe-
Apollo configuration was unstable at the subsonic and
low-supersonic speeds. Test results indicate that the
production-model Little Joe II-Apollo configuration
(with trailing-edge control surfaces on the booster
fins) is stable throughout the Mach number range
tested and that the trailing-edge control surfaces are
effective for all Mach numbers tested. This config-
uration was used in the developmental tests of the
Apollo launch escape system,
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STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF
SEVERAL CONFIGURATIONS USED IN THE DEVELOPMENT OF
THE LITTLE JOE II-APOLLO TEST VEHICLE AT

MACH NUMBERS FROM 0. 056 TO 4. 65

By Robert H. Moore, Jr,
Manned Spacecraft Center

SUMMARY

Investigations of the static longitudinal aerodynamic characteristics of
several configurations of the Little Joe-Apollo test vehicle and the Little Joe II-Apollo
test vehicle were conducted in the NASA Langley Research Center 7- by 10-foot wind
tunnel, the Langley 8-foot transonic pressure tunnel, and the Langley Unitary Plan
wind tunnel, at Mach numbers from 0. 056 to 4. 65. The configurations studied included
the Little Joe booster combined with a proposed Apollo launch-escape-vehicle configu-
ration, a proposed Little Joe II booster (with two booster-fin sizes) combined with the
Apollo launch-escape-vehicle configuration and three service-module configurations,
and the production model of the Little Joe booster (with trailing-edge control surfaces
on the booster fins) combined with the Apollo launch-escape-vehicle configuration and
a service-module configuration. The results of these investigations indicated that the
Little Joe-Apollo test-vehicle configuration was unstable, for a typical center-of -
gravity location, at subsonic and low-supersonic speeds at angle-of -attack values near
0°, primarily because of the ineffectiveness of booster-fin operation in highly sepa-
rated flow. As a result of these tests, all further effort was directed toward the de-
velopment of the Little Joe II booster as the test vehicle.

The results of the investigations of the Little Joe II-Apollo test-vehicle configura-
tion with two booster-fin sizes and three service modules of different lengths indicated
that increasing the service-module length only slightly affects the aerodynamic charac-
teristics of the configuration. Also, there is a large rearward shift (approximately
2. 5 diameters) in the center-of -pressure location with the addition of the small stabi-
lizing fins and a further shift rearward (approximately 0.5 diameter) with an increase
in fin size. The data for the production model of the Little Joe II-Apollo test-vehicle
configuration (with trailing-edge control surfaces on the booster fins) indicate that the
configuration is stable throughout the Mach number range tested for the typical center-
of gravity location chosen. The data also indicate that the trailing-edge control
surfaces are effective for all Mach numbers tested and that the magnitude of the
trailing-edge control-surface hinge moment is within an acceptable range.



INTRODUC TION

The Apollo Program has as a goal the landing of man on the moon within the dec-
ade. As a part of the overall program, it is necessary to demonstrate the capabilities
of the flight systems under critical flight conditions. One of these systems is the
Apollo launch escape vehicle (LEV). The LEV consists of a cylindrical rocket package
which is attached to a tower mounted on top of the spacecraft. The LEV system is ca-
pable of lifting the command module (CM) away from the launch vehicle in the event of
a malfunction during the final countdown or during the initial launch phases of the mis-

sion.

For developmental tests of the launch escape system, an unsophisticated and ec-
onomical launch vehicle was required for simulation of the most critical phases of the
atmospheric portion of the launch profile., Initial studies indicated that the Little Joe
booster used in the Project Mercury spacecraft-development program could be used to
simulate some of the launch conditions; however, wind-tunnel tests of the resulting
launch configuration, with a CM diameter which was approximately twice the diameter
of the booster, indicated that the configuration was unstable (refs. 1 and 2). Effort
was, therefore, directed toward developing a new booster to perform the desired de-
velopmental Apollo missions. This configuration, designated the Little Joe II booster,
was similar in configuration to the Little Joe booster but was larger in diameter. Pre-
liminary investigations were conducted in several facilities of the NASA Langley Re-
search Center to define the basic aerodynamics of the configuration and to confirm
design estimates. Several booster lengths and two fin sizes were studied (refs. 3, 4,

and 5).

In June 1962, a 30-day study contract was awarded for the development of the fin
size and the control surfaces for the Little Joe I booster. As a direct result of these
studies, additional wind-tunnel tests were conducted to ascertain the effectiveness of
the fins and of the trailing-edge control surfaces and to determine the effects of several
small configuration modifications made to the booster vehicle and to the Apollo LEV.
The resulis of these studies are reported in references 6 and 7.

The purpose of this paper is to compile into one document all of the wind-tunnel
data obtained during the development of the Little Joe II booster. The investigations at
the NASA Langley Research Center were conducted in the Mach number range from

0. 056 to 4. 65.

SYMBOLS

The six-component aerodynamic force-and-moment data are referenced to the
body and stability systems of axes with the origin on the centerline at the model base,
as in figure 1. In addition, some of the data are presented about a more realistic
center-of-gravity location to assess the effectiveness of the control surfaces,



area of sting hole in booster airframe, ft2

area of rim at base of booster airframe, ft2

axial-force coefficient corrected for base pressure,
axial force uncorrected C

9.8

A,b

A

base axial-force coefficient, - &Cp’ b, I)(A—bs’—l) + (Cp, b, 2)(—g£1|

drag coefficient, C A COS @+ CN sin o

hinge moment

hinge -moment coefficient,

%5¢C;
8Ch
hinge-moment curve slope/deg, =
BCh
hinge-moment curve slope/deg, =5

lift coefficient, CN cos «a - CA sin o

pitching moment

pitching-moment coefficient,

q,.SD
acm
pitching-moment curve slope/deg, Za
acm
pitching-moment curve slope/deg, =5

. normal force
normal-force coefficient, — a8
00

oC

normal-force curve slope/deg, %



Q
)

BCN
normal-force curve slope/deg, 5

pressure coefficient in balance chamber,

pressure coefficient at rim of model base,

rolling moment

q.,SD

rolling -moment coefficient,

control-surface mean aerodynamic chord, in.

reference diameter (maximum booster diameter), ft

free-stream Mach number
static pressure of undisturbed stream, lb/f’c2

static pressure in balance chamber, lb /ft2
static pressure at rim of model base, lb/ft2

free-stream dynamic pressure, lb/ft2

2

reference area, %, ftz

area of trailing-edge control surface, ft

coordinates in the body and stability systems of axes

longitudinal location of center of pressure based on maximum
Apollo CM diameter measured from base of booster

angle of attack of model centerline, deg

deflection of control surface, deg



Subscripts:

b base

c.p. center of pressure
f control surface

o free stream

APPARATUS

Tunnels

The investigations were conducted in the Langley 300-mph 7- by 10-foot wind
tunnel, in the Langley 8-foot transonic pressure tunnel, and in the Langley Unitary
Plan wind tunnel. The Langley 300-mph 7- by 10-foot wind tunnel is a low-speed, con-
tinuous return-flow-type tunnel. The size of the test section is approximately 7 by
10 feet, and the sting support system can rotate +t90°. Measurements in this tunnel
can be made over the Mach number range from approximately 0. 05 to approximately
0. 30.

The test section of the Langley 8-foot transonic pressure tunnel is square in
cross section, with the upper and lower walls axially slotted to permit continuous test-
ing throughout the transonic velocity range. The total pressure of the tunnel air can be
varied from a minimum value of approximately 0.25 atmosphere at all test Mach num-
bers to maximum values of approximately 1.5 atmospheres at transonic Mach numbers
and approximately 2.0 atmospheres at Mach numbers =0.40. The tunnel air is dried
to avoid condensation effects.

The Langley Unitary Plan wind tunnel has low Mach number and high Mach num-
ber test sections, which are 4 feet square by approximately 7 feetinlength. The tunnel
is a variable-pressure, continuous return-flow type with asymmetric sliding-block-type
nozzles which permit continuous variation of Mach numbers from approximately 1. 50 to
2.90 and from 2.30to4. 70 in the low Mach number and high Mach number test sections,
respectively.

Models

Dimensional details of the configurations tested are given in figure 2, and fig-
ures 3(a) to 3(c) are photographs of the models. Configuration I was a 0.028-scale
model of the Little Joe booster combined with an early proposed version of the Apollo
LEV. The booster diameter for the resulting vehicle was one-half the diameter of the
Apollo CM. Configuration I was a 0.0292-scale model of a proposed Little Joe I
booster combined with the proposed version of the Apollo LEV and a service
module (SM). (Three SM lengths were tested with the configuration.) Also, two

booster -fin sizes were tested, the areas of which were 75 and 150 ftz/fin, respectively
(full-scale values). Configuration Il was a 0. 030-scale model of the production-model



Little Joe II booster combined with the Apollo LEV and SM. The four stabilizing fins
with trailing-edge control surfaces were spaced 90° apart at the base of the booster
airframe, These trailing-edge control surfaces could be deflected to obtain either pitch
control or roll control. One fin was instrumented with a small hinge-moment beam to
obtain control -surface hinge-moment data. Geometric characteristics of the configura-
tions are summarized in table I.

Instrumentation

A six-component strain-gage balance housed in the model booster airframe was
used for determining the overall forces and moments in the models, A static-pressure
orifice located within the chamber surrounding the six-component strain-gage balance
was included in all the configurations. Also, configurations II and III had eight static-
pressure orifices located around the rim of the model base which were manifolded to a
single output. Static pressures from these orifices were recorded and used in the base-
pressure corrections., A strain-gage beam mounted in the trailing-edge control surface
of fin no. 2 was used for determining the hinge moment of the trailing-edge control
surfaces in configuration IH.

TESTS, CORRECTIONS, AND ACCURACY

Tests

The investigations were conducted at Mach numbers from 0. 056 to 4. 65 over a

Reynolds number range from approximately 0. 154 x 106 to2.5 x 106/foot (based on

Apollo CM maximum diameter). The tests in the Langley 7- by 10-foot wind tunnel
were conducted over an angle -of -attack range from approximately -2° to 90°, and the
tests in the Langley 8-foot transonic pressure tunnel and in the Langley Unitary Plan
wind tunnel were conducted over an angle-of -attack range of approximately +15°,

Corrections

The axial-force coefficient C A includes the correction for the base axial-force

coefficient C A b The aerodynamic force-and-moment data presented are considered
3

to be free of tunnel-boundary interference. Corrections have been made to the model
angles of attack to account for angularity of the airflow in the test sections. In addi-
tion, corrections have also been applied for balance-~sting deflection caused by aero-

dynamic loads,
Accuracy

The estimated accuracy of the data, based primarily on the static calibration of
the balance and on the repeatability of the data, is tabulated in tables I to IV.



DISCUSSION

Basic aerodynamic characteristics of all configurations tested are shown in
figures 4 to 31, and summary longitudinal aerodynamic characteristics for all configu-
rations tested are plotted against Mach number in figures 32 to 38.

Configuration I

The longitudinal aerodynamic characteristics of configuration I, with and without
the stabilizing fins, are presented in figures 4 and 5 and are summarized in figure 32.
The data in figures 4 and 5 indicate that the addition of stabilizing fins to the booster
has only slight apparent effect on the pitching-moment characteristics of the configura-
tion when the moment reference center is located at the base of the booster, except at
subsonic Mach numbers (fig. 32(a)). Also, the addition of the stabilizing fins increases
the value of C A and adversely affects the normal-force coefficient by reducing the

variation of CN with «, at the lowest test angles of attack at subsonic speeds.

As indicated by the data in figure 32, for angle-of-attack values near 0°, the
center-of-pressure location for the fins-on booster configuration varies considerably
with Mach number. The data also indicate that the configuration would be unstable at
supersonic speeds for a typical center-of -gravity location. There is a large forward
shift in the center-of-pressure location which is associated with the reduced fins-on
normal-force coefficient at subsonic and transonic velocities. At angles of attack of
approximately 15°, however, the center-of-pressure location for either the fins-on or
fins-off configuration remains essentially constant with changes in Mach number and is
located at approximately 1, 41D to 2, 65D or at 4. 0D to 4. 77D, respectively, forward
of the booster base,

In general, the data summarized in figure 32 indicate the following:

1. The general magnitude of the drag estimate was good, except that the sharp
drag rise at M = 0.95 was not predicted.

2. The variation of normal-force curve slope was predicted fairly well.
3. The center-of -pressure estimate was grossly in error,

The primary reason for the error in the center-of-pressure estimate was the ineffec-
tiveness of the stabilizing fins in the region of highly separated flow rearward of the
bulbous forebody, particularly at subsonic and transonic Mach numbers, At these Mach
numbers, the downwash from the forebody acting on the fins at low angles of attack re-
sulted in a more forward center-of-pressure location for the fins-on configuration than
for the fins-off configuration, The data presented in references 8 and 9 were used to
obtain the predicted data presented in figure 32,



Configuration I
The longitudinal aerodynamic characteristics of configuration II are presented in
figures 6 to 20 and are summarized in figures 33 and 34. Configuration IT was tested
with three SM lengths and two stabilizing -fin sizes. The SM lengths were as follows:
1. Short SM (160-inch length, full-scale value)
2. Medium SM (209-inch length, full-scale value)

3. Long SM (242-inch length, full-scale value)

The areas of the two booster stabilizing fins were 75 and 150 ft2 /fin, respectively (full-
scale value).

Effect of fin size. - To determine the effect of fin size on the aerodynamics of the
configuration, the fin-size investigation for configuration II was conducted with the
medium SM length. Basic data for the large-fin, small-fin, and no-stabilizing-fin
booster configurations are presented in figures 6 to 14.

The low-subsonic data presented in figures 6, 9, and 12 were obtained through an
angle -of -attack range from approximately -2° to 90°, These data were obtained pri-
marily to provide high-angle-of -attack information for the launch conditions. The
transonic and supersonic data were obtained through an angle-of-attack range from
approximately -5° to 15°. The variation of pitching-moment coefficient with angle of
attack for the subsonic data is generally linear up to « ~ 65° and « =~ 55° for
M =0.056 and M = 0,10 and is linear up to a =~ 40° for M = 0.20. The data at
M = 0.30 are generally linear throughout the angle-of -attack range tested, as are the
data for the transonic and supersonic Mach numbers tested,

Adding the fins to the configuration had only slight effect on the variation of
pitching -moment coefficient with «, which indicates that the incremental normal force
caused by adding the fins was localized at a point very close to the base of the booster.
The fin effectiveness, as determined from the slope of the normal-force coefficient
data, indicates that the increase in normal-force curve slope is generally proportional
to the increase in fin size for the Mach number range tested.

There is a large rearward shift (approximately 2. 5D) in the center-of-pressure
location with the addition of the small fins to the booster configuration. An additional
rearward shift (approximately 0. 5D) in the center-of-pressure location occurs with the
change from the small fins to the large fins (fig. 33). The addition of the stabilizing
fins to the booster also causes a substantial increase in the axial~force coefficient C A

Effect of SM length, - The basic data (figs. 6, 7, and 8 and figs. 14 to 20) and
the summary data (fig. 34) indicate that there is very little effect on the normal-force
coefficient or on the axial-force coefficient with the change in SM length, Increasing
the length of the SM moved the center-of-pressure location forward by a small
amount (<0. 13D).




Configuration I

The longitudinal aerodynamic characteristics of configuration III are presented
in figures 21 to 31 and are summarized in figures 35 to 38, Configuration III was

tested with a booster stabilizing-fin size of 50 ft2 /fin (full-scale value), and there was
a trailing-edge control surface on each fin, The area of the trailing-edge control sur-
face was approximately 30 percent of the total fin area. The SM length used for con-~
figuration Il was 160 inches (full-scale value). During the development of the
production-model Little Joe II booster, changes were made to the Apollo LEV configu-
ration. The changes are as follows:

1. The launch-escape-system rocket motor has a 15° nose cant as compared to
a 33° nose cant on configuration II.

2, The launch-escape-system rocket is considerably longer and has a slightly
larger diameter. ’

3. The tower structure is mounted higher on the CM and has a different lateral -
bracing configuration.

Also, for some of the tests, a stabilizing disk or flow separator was added to the
Apollo LEV configuration. This disk was mounted on the rocket motor slightly forward
of the conical shroud around the rocket-motor nozzles (fig. 2(e)).

The data presented in figures 21 and 22 are for configuration II with and without
the stabilizing disk. The data indicate that the stabilizing disk has little or no effect
on the aerodynamic characteristics of the configuration, except for an increase in the
axial -force coefficient C Al The flow separator was introduced as a modification to

the Apollo LEV and resulted in improved static-stability characteristics at some Mach
numbers. Other design considerations, however, resulted in the removal of the disk
from the configuration. Therefore, comparisons of configuration HOI with and without
the disk were made for limited tests only. The pitching-moment coefficient and the
normal-force coefficient for the configuration without the disk show a generally linear
variation with angle of attack throughout the Mach number range tested. Since the
stabilizing fins are located near the base of the booster and since the primary moment
reference center is in the plane of the base of the booster, the data in figures 21 to 26
give little or no indication of the effectiveness of the trailing-edge control surfaces.
Therefore, the pitching-moment coefficient data presented in figure 27 and summarized
in figure 37 have been computed about a typical center-of-gravity location of

X/D =2.272; Z/D = 0. These data indicate that for this particular center-of-gravity
location the configuration is stable throughout the Mach number range tested and that
the trailing-edge control surfaces provide adequate control effectiveness, although a
decrease in control effectiveness occurs with an increase in Mach number at Mach
numbers >0, 70.

Hinge -moment characteristics. - The variation of hinge-moment coefficient Ch

with angle of attack was approximately linear at control deflections of 0° and -10°
at Mach numbers =0. 80. Increasing control deflection or increasing Mach number
resulted in a greater nonlinearity in the variation of hinge-moment coefficient with



angle of attack. The hinge-moment curve slope Ch was negative over the angle-of -
a
attack range, and the magnitude of this parameter was usually less at low angles of at-
tack than at higher angles of attack. The parameter Ch in figure 36 was measured
e’

over an angle-of -attack range of approximately +2°,

The variation of hinge-moment coefficient with trailing-edge control-surface de-
flection was approximately linear for the range of control-surface deflections tested,
with 2 maximum deflection of approximately -20° at a ~ 0° and with deflections gen-
erally < -20° as the angle of attack increased or decreased from « = 0°. The param-
eter Ch in figure 37 was the average value for trailing-edge control-surface

()
deflections from 0° to approximately -10°. The parameter increased in magnitude at
the higher subsonic Mach numbers and decreased in magnitude at the supersonic Mach

numbers.

Rolling -moment characteristics. - The variation of rolling-moment coefficient
with differential deflection of the trailing-edge control surfaces was approximately
linear over most of the angle-of-attack range at all Mach numbers, and the magnitude
of the rolling-moment coefficient developed by differential deflection of the trailing-
edge control surfaces appeared to be adequate, The rolling-moment effectiveness was
approximately constant at Mach numbers from 0. 30 to 1. 20 and increased slightly at

the intermediate Mach numbers.

CONCLUDING REMARKS

The results of wind-tunnel tests over a Mach number range from 0, 056 to 4. 65 of
several configurations of the Little Joe and the Little Joe II boosters combined with the
Apollo launch-escape-vehicle configuration yield the following conclusions:

Little Joe-Apollo (Configuration I)

1. The configuration is unstable, for a typical center-of-gravity location, at
subsonic and low-supersonic speeds for angle-of -attack values near 0°.

2, The booster stabilizing fins contribute to a reduced normal-force curve slope
at subsonic speeds because of the total ineffectiveness of booster~fin operation in the
region of highly separated flow rearward of the bulbous forebody.

Little Joe II-Apollo (Configuration II)

1. Results of the initial studies of the Little Joe II-Apollo configuration indicate
that the vehicle is stable and can perform the developmental missions planned,

2, For the normal operating ranges, the variation of the pitching-moment co-
efficient is generally linear throughout the angle-of-attack and Mach number ranges

tested.

10



3. The booster stabilizing fins contribute to a large rearward shift (approxi-
mately 2.5 diameters) in the center-of-pressure location, and a further rearward shift
(approximately 0.5 diameter) results from increasing the fin size.

4. Varying the service-module length from 1, 068 diameters to 1. 620 diameters
has only slight effect on the aerodynamic characteristics of the configuration,
Little Joe I~Apollo (Configuration III)
1. The fins-on configuration is stable throughout the Mach number range tested.

2. The trailing-edge control surfaces are effective in producing adequate longi- .
tudinal control and/or roll control at all Mach numbers tested.

3. The variation of trailing-edge control-surface hinge moment with control de-
flection and the magnitude of the control-surface hinge moment are within an acceptable
range,

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, December 13, 1967
914-50-10-09-72
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TABLE I. - GEOMETRIC CHARACTERISTICS OF THE LITTLE JOE AND
LITTLE JOE II BOOSTERS COMBINED WITH THE APOLLO
LAUNCH-ESCAPE-VEHICLE CONFIGURATION

(a) Configuration I

Booster body:

Cross-sectional area (reference area S), ft2 ................ 0.0277
Diameter (reference diameter D), in. . . . . ¢« ¢ v v v v v v v v 4w 0. 2.250
Apollo LEV:
Cross-sectional area, ft2 e e i e e e e e e e e e e e e e e e e e e e 0.1104
Diameter, in. . . . . & & i i i i e e e e e e e e e e e e e e e e e 4. 50
Stabilizing fins (exposed, single-fin values given):
Airfoil section (parallel to root chord), wedge total angle, deg . . . .. . 11
Area, f’c2 ................................... 0. 0264
Span, In. . . . . . L o s e e e e e e e e e e e e e e e e e e e e e e e e 2.480
Root chord, in. . . . & @ @ @ i i i i e e e e e e e e e d e e e e e e 1. 640
Tipchord, in. . . . . ¢ 4 ¢ v i i o b i et e e e e e e e e e e e e e e e 1.170
Sweepback of leading edge, deg . . . . . . . . . i o et e e e e e e e e 45
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TABLE L - GEOMETRIC CHARACTERISTICS OF THE LITTLE JOE AND
LITTLE JOE I BOOSTERS COMBINED WITH THE APOLLO
LAUNCH-ESCAPE-VEHICLE CONFIGURATION - Continued

(b) Configuration I

Booster body:

Cross-sectional area (reference area 8), ft° . . . . . . . . . . .. . ...
Diameter (reference diameter D), in. . . . . . . ¢ v v v v v v v v .

Area of sting hole, Ab 1’ ft2 ........................

Area of rim, Ab 9 ft2 ...........................

Stabilizing fins (exposed, single-fin values given):

14

Large fins:
Airfoil section (parallel to root chord), wedge total angle, deg . . . . .

Area, ft2 .................................
Span, iN. . v v v v v e e e e e e e e e e e e e e e e e e e e e e e
Rootchord, in. . . . .« ¢ v v v v v v v v v v v v it e e s v o s e
Tipchord, in. . . v & ¢ v v v vt v i s e e e e e e e e e e e e e e e
Sweepback of leading edge, deg . . . . . . . . o000 c o0

Small fins:
Airfoil section (parallel to root chord), wedge total angle, deg . . . . .

Area,ftz........ ..........................
S 821« T § + VA T T T T T T S
Rootchord, in. . . . . v v v v v o v v v o v v ot v oo o 0 o o o o o o
Tipchord, in. . . . . ¢ vt 0 v 0 i i et e e e e e e e e e
Sweepback of leading edge, deg . . . . « ¢« . o 0o 0o e e e

NwWwLoO

NDNWO

11

127
. 140
. 500
.920

45

11

. 064
. 570
.510
. 120

45




TABLE I. - GEOMETRIC CHARACTERISTICS OF THE LITTLE JOE AND
LITTLE JOE II BOOSTERS COMBINED WITH THE APOLLO
LAUNCH-ESCAPE -VEHICLE CONFIGURATION - Concluded

(c) Configuration ITI

Booster Body:

Cross-sectional area (reference area S), ft2 ................ 0.1164
Diameter (reference diameter D), in. . . . . . v v v v v v v 0 e v 0. 4,620
2
Area of sting hole 2 0.0576
ng ; Abz’ 1
Area of rim 5 0. 0588
’ Ab’ 2,

Stabilizing fins (exposed, single-fin values given):

Airfoil section (parallel to root chord), wedge total angle, deg . . . . . . . 10
Area (includes area of control surface), ft2 ................. 0. 0451
Sy B o WO ¢ 2,790
Rootchord, in. . . . ¢ ¢ i v i i i i i it e s 6ttt i e e e e e e e e 2.633
Tipchord, in. . . . ¢ ¢ . i v i i i e it e e e e e e e e e e e e 1.320
Aspect ratio . . . . . L L L i e e e e e e e e e e e e e e e e e e e e 1.20
Sweepback of leading edge, deg . . . . v ¢ v v v Ch i e e e e e e e e 45
Trailing -edge control surface (flap):
T 0.0135
Percentof finarea . . . . . ... it e i i i e e e e e 30
Mean aerodynamic chord, Cf, 1+ 0.956
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TABLE II. - ESTIMATED ACCURACY OF DATA FOR CONFIGURATION I

Estimated accuracy in the —
Datum 8-foot transonic Unitary Plan
pressure tunnel wind tunnel
@, deg . . . £0.2 +0.10
M ..... +.005 +.015*
CN ..... +, 017 +, 017 |
CA ..... +, 006 +, 006
C ..... +. 020 +, 010
m
CL ..... +, 006 +. 006
CD ..... +. 020 +.021
_ ) I e ]




TABLE II. - ESTIMATED ACCURACY OF DATA FOR CONFIGURATION I

(a) In the 7- by 10-foot wind tunnel

Estimated accuracy at —
Datum .
M = 0,056 M=0.10 M =0.20 M =0.30
a, deg. . . 10, 05 +0. 05 0. 05 +0. 05
CN e e e +, 613 +. 189 +, 050 +.023
CA e e +. 091 +. 028 +, 007 +. 003
Cm e e e +, 294 +.093 +, 024 +. 011
CL e e +,090 +, 028 +, 007 +. 003
CD . . +.613 +, 189 +, 050 +, 021
(b) In the 8-foot transonic pressure tunnel® and in the
Unitary Plan wind tunnel
Estimated acéuracy in the —
Datum 8-foot transonic Unitary Plan
pressure tunnel wind tunnel

@, deg . 0.1 +0,1

M ..... +, 005 +.015

CN . . +, 025 +, 024

CA' +,008 +.008

C ..... +, 015 +.014

m
CL' e . +, 007 +.007
CD. “ e e +, 022 +.018

% Accuracies of coefficient data are for Mach numbers =0, 70, At
M =0.30 and M = 0.50, where the dynamic pressure was substantially
lower than at the higher Mach numbers, the accuracy of the aerodynam-
ic coefficients is affected adversely.
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TABLE IV. - ESTIMATED ACCURACY OF DATA FOR CONFIGURATION III

(a) In the 7- by 10-foot wind tunnel

Estimated accuracy at —
Datum - - S
M = 0. 056 M=0.10 M=10.30
a, deg . . . +0. 05 +0. 05 +0. 05
CN e e e s +, 613 +, 189 +. 023
CA' e e +, 091 +. 028 +. 003
C ..... +, 294 +. 093 +. 011
m
CL ..... +, 090 +, 028 +, 003
CD. e en +, 613 +,189 +, 021
- —




TABLE IV. - ESTIMATED ACCURACY OF DATA

FOR CONFIGURATION III - Concluded

(b) In the 8-foot transonic pressure tunnel® and in the Unitary Plan wind tunnel

Datum

M=157 to M=2.80 ., ...

M=3.86 and M = 4.65

Ch(af =0" and 5f

=10°)

Estimated accuracy in the —

8-foot transonic Unitary Plan
pressure tunnel wind tunnel

0.1 7 +0. 1

+, 005 ———

—— +. 015

- +. 050

+.020 +. 050

+, 007 +. 005

+.010 +. 050

+, 007 +. 006

+. 019 +. 050

+. 002 -—-

£, 007 ---

+, 011 -—-

+. 018 J -——-

aAccuracies of coefficient data are for Mach numbers =0.70. At M =0.30 and
M = 0. 50, where the dynamic pressure was substantially lower than at the higher Mach
numbers, the accuracy of the aerodynamic coefficients is affected adversely.
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NASA-S-67-7332

a
( Relative wind

Relative wind

Figure 1. - Sketch showing axis systems used. Arrows indicate positive-to-
positive direction of forces, moments, and angles of attack.
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NASA-S-67-7325

Section A-A enlarged

A e
1. 527 Diameter _L
0. 626 Diameter -T——
) 4. 500 Diameter
*Q;\(A - T - i - -
33°
4.624 ™ ! 850 | \ Moment reference point
0. 765 1450 4 o . 340
1.100 = \
12,131 t 9. 710

(a) Configuration I.

Figure 2, - Sketch of the configurations tested showing general arrangement and
dimensions. All linear dimensions are in inches,
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NASA-5-67-7334
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‘T ) 10!1 1.850 |1.450l
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A 10.190 \
- c —

Configuration II dimensions

Service module Spacer Overall configuration
Description  {Length (dimension A), in.| length (dimension B} in. ] Length (dimension C), in.
Short 4.806 0.000 26.527
Medium 6.558 1.752 28.279
Long 7.288 2.482 29.009

(b) Complete model of configuration II.

Figure 2, - Continued.
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(¢) Large-fin detail for configuration II.

Figure 2, - Continued.
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(d) Small-fin detail for configuration II.

Figure 2.- Continued.
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(e) Complete model of configuration III.

1414

Figure 2. - Continued.
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(f) Fin detail for configuration III.

Figure 2.- Concluded.
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(a) Configuration I installed on a sting.

Figure 3.- Photographs of the configurations tested.

Le




(b) Configuration II installed in a test section.

Figure 3.~ Continued.




(c) Configuration III installed in a test section.

62

Figure 3.~ Concluded.
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Figure 4.~ Aerodynamic characteristics of configuration I at Mach numbers
from 0.50 to 2, 16, fins off,
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Figure 6.- Aerodynamic characteristics of configuration II with large fins and medium
service module at Mach numbers from 0. 056 to 0. 30.
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(c) Axial-force coefficient.
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Figure 10. - Aerodynamic characteristics of configuration II with small fins and
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Figure 14. - Aerodynamic characteristics of configuration II with medium
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Figure 19. - Aerodynamic characteristics of configuration II with large fins and
short service module at Mach numbers from 0. 30 to 1. 20.
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Figure 20. - Aerodynamic characteristics of configuration II with large fins and
short service module at Mach numbers from 1. 50 to 2. 16.
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Figure 21. - Longitudinal aerodynamic characteristics of configuration III
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(e) Drag coefficient.
Figure 23. - Continued.
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Figure 24. - Effect of deflection of trailing-edge control surfaces on longitudinal
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Figure 25. - Effect of deflection of trailing-edge control surfaces on longitudinal
Mach numbers from 0.30 to 4.65 (c.g. = X/D



(b) Normal-force coefficient.

Figure 25. - Continued.
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(c) Axial-force coefficient.
Figure 25. - Continued.
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Figure 26. - Effect of deflection of trailing-edge control surfaces on longitudinal

-30°).

0; Z/D =0; 6;

aerodynamic characteristics of configuration II (without stabilizing disk) at

Mach numbers from 0. 30 to 4.65 (c.g. = X/D
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(a) Pitching-moment coefficient.

Figure 30. - Effect of differential deflection of trailing-edge control surfaces on
longitudinal aerodynamic characteristics of configuration I (without stabilizing

disk) at Mach numbers from 0.30 to 1.20 (c.g. = X/D=0; %/D = 0; Gf =+5°),
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Figure 31. - Effect of differential deflection of trailing-edge control surfaces on

longitudinal aerodynamic characteristics of configuration III (without stabilizing

disk) at Mach numbers from 0.30 to 1,20 (c.g. = X/D=0; Z/D=0; Gf =+10°).

196



N
-

CN 1114 M O
b1 n
L Lt o 0,30 4
0 LAt o 0,50
Ty =
M=0, 30 91T < 0,70 &
L H4erT " A 0,80 H
Nl U/{}"“ N 0,90
0 LT D 0.95H
M=0, 50 hHET] T B o L00 o
e AeamAEE ° LA
Bo gl M
<1 HH
| oo
0M-(). 70 AP i AL N
] _<,,'<> ”.&,,{3’ A
<] A_/A” T
U] ™
OM'O-SO AH ST FUEREN T
AT g1 .

pavSs Bi.%q
a7 ix”&/ ]
) 1 \‘-CS'{N/‘ H
=0, 90 jraseesy greEEE e
g 1] ah
1] E:”"D/ T
T W
One. 95 sy e e
. Ix*’{:m c}/cr’ Il pnn
PR gy | T i
T AT T
fog T
OM-L 00 Bl e 5 m=
LT LT ™
b bH® JANEES &
L1 Lt H
o B 9T A -
1 et 1]
Om-1. 20 JRNRETEM H
] P I
1T T

-15 -10 -5 0 5 10 15 20
a, deg

(b) Normal-force coefficient.

Figure 31. - Continued.

197



198

M=0, 50

M=0, 70

M=0. 80

M=0. 90

=0, 95

OMma1. 00

Opa1. 20

T Prearsnni
M H
LHOT O g
OHTTRTHOH b Hobloirardr 7] PITE | o 030
FEF ool ] o 0.50 {
RARNE LA T TP ¢ 0,70 H
i NANNRY | L e L HT LN — * —
1 O i a 0.8H
oIM=0.30 [ OO L | & 0.90 F
H T O T TP PR MDD Ml D 0.95(
i \ o L00H
EEES AT TSN | © L20
EEERSERL A HAL AL AL AGAES T i
mul L] NN LUK |
T NI SENRSLE S g &
H NEAENSR LD
RERERRNlanmm s acS U RARARNAN S TR HOLL
N ,\,,”"'c}“~_~1__ r L LD .
T a fin) f-}‘--EJ--{){ﬁ{}-C}'— T P HOH-E
I D)
1 ‘“-\~<>-—<><><F<><>—~<7"
HEN ]
-15 -10 -5 0 5 10 15
a, deg

(c) Axial-force coefficient.

Figure 31. - Continued.



2 L Mﬁ_lll[ll[ll
;““ M H
T -
cL 1 5 1] o 0.30Q
0/0' 0o 0,505
Lot =T 2 g;g H
1T - SV
0 Urrcy lril N 0,90
M=0, 30 Lo | Lt HHH D 0.95H
//(r ,'EJ 0 3
L1 Lot ] 1.00 3
/,(T/ LTLJ‘ L © L2073
0 f}./’ mrT d N
M=0, 50 U/U X <>/<>
LT Eosl AT
Jins o | L4
0 1 L] 5—<’ 14X 1T
M=0. 70 H1 P » f3as
LT AL LN B
LT A,/" i IS/B’ )
0 1] /a<5 (ZX 325 (1
M=0, 80 N | 1Af] AT ]
/A" /IS b ]
AT /[S/ /c:/JL » ]
AT ] ] H
0 lIES B
M=0, 90 A LY L S
hsgll 5 o
T el o]
» 11 L1 11
0 N | “13“ Nog O
M=0, 95 i il ' i
] LS’/LS j Feig
// f.l'/ /": -
IK/’II ,C)'LI’ //g;' ,_‘_E
0 1§ LA fin Bad R
M=1, 00 g Jress LLe SRR
L}’ //57 ]
i1 P EREE
1 Sl ud
0 L] P u
M'l. 20 o1 B Phn :
/g\f -
| o]
| Blog
1 ] <>'/
-2
<15 -10 -5 0 5 10 15 20
a, deg

(d) Lift coefficient.

Figure 31. - Continued.

199



200

M=0. 50

M=0, 70

M=0, 80

M=0, 90

M=0, 95

=100

OMeL. 20

I [] frrrrerned
] M I
S oI g
; PH &-—0——004}4}0.——&”0“ M 2 8'28 i
0 - S H 70 H
M- T S 0,70 H
Ll A 0.8 [
d [ L1 L irn-HTH . u
E3 M D) | gk Her e | N 0,90 H
(g Ry i D 0,95 H
DN
ung OGR! | AL e O | © L2o
H N ‘§>~7<>—-<>1<><r<>4>1~<>‘""
Ea i | » L ]
HH LA
L AT L LALLALL AHATE
il s -SQT{&#TM{S#%HQ(# Tﬂ
1] n
FH N LT I
L1 BapA RS 1 1] __,[}—4—-{3‘
- N R NENENLNN S [ [ '
i | filies
H ‘ 248 s
rL EE ARl I LA PTTIT] ]
aus f}“ﬂ\f}{}{}ﬂLc}*’m‘f} L Hit ( ']
:jp» Lo l l
mmm 1‘\<>\ J ..{)-""77 ! & i
muy TIPTHPIPIIP P ( J ‘ ’
-15 -10 -5 0 5 ST - B
a, deg

(e) Drag coefficient.

Figure 31. - Continued.



e

-0, 50

M=0, 70

M=0. 80

M=0, 90

M=0, 95

M=1.00

M=1, 20

(f) Rolling-moment coefficient.

Figure 31. - Continued.

.3 oo
M
L—WH’PLLLLLLL%L%MWLGLL LTLLWLLLL ] o 1, 30§
O 0,50
.2 O 0.70
ST T i chigeHEB b, SREEE ﬁ 8%5
D 095 f
-1 o LO0F
ST TP PR T TTPTHOTHL H o L20{
oy T
\3
0
M=0.30 1| ]| LInHAr S HAAAINA AL Al
”H& T EEE
WLl It £
ST f i N H
T H
jus LN NN TN | -r\,,\, N in
Iy ‘[3\\[:\ 4
ot ol L ||| 1 i
e W‘*‘ P H
i HH
; &
Wiliminsaenanaimenme Al
J J.JJ HJ_J _ _
-15 -10 -5 0 5 10 15 20
q, deg

201



.
F-Y

PN
NS

|

=

c PO b HdbrrorrH | o 0.30 ]
Ab .2 DI L L H0x o 05 ;
O 0.70 o
5 114 0.8 H
0 T e e 4 LmHE D N 0,90 H
» = g Bk i 18 i g -
_ﬁ'°330f ] '; ?.gg A
11 4| o L2
0 PP L L L O M
N N4 \"
M=0, 50 i
| A
T 5-“}_ LA AT "'—élﬁ({k
OM -
=0.70
REES S
N AA LA LA i1 s
L USUSY '1
0 | r
M=0. 80
B
[IAY I o L LN
+-HIN rJ{J{_}-l:_)-t_y f"J L =T g
Oh=0. 90 S T IA e
Ypput St NEARNENEE0) ety
0 K} g
M=0. 95 CTHOHHOH- bbbl Hab-HO T |
O-1.00

Ope1. 20 {5 -10 > (R 10 15
a, deg

(g) Base axial-force coefficient.

Figure 31. - Concluded.

202

G mEEIE I ONGE O ECTTR T LIF RN TLonmt o [N I 11 1




T EER
/,L‘\j\g\- 41 { 141 ]
4 & Uit mas
b N ~ -t
SRR \ ™~ = ]
// A L ’\\\\N T
3 ,/A l‘ AT_\" ~ \\UV‘)\
/ T T J_ ) N '_j_
Ch oo A Y M S
A, (@=0°) HHTT ﬁ Hﬂ i
T with fins; a =0°
T 2 H ~——————Without fins; a = 0°
————~——With fins, estimated; a =0°
i T l ) [ | | HHH
s 1 | ; A .
/ \ Nﬂt_—‘—:-‘
11 !/ e ] 4 (LT
C | L+ g ‘4 ! T
Nc( 7 =
\ = H
2_ 4 R J 1 il .
. HH
\ | T | ANmE
i |
lF 3 ] ‘FLF 1 Rast L’]’j— i | ﬁjﬂ:‘
1 J/‘f'\\\_ 4 geas
d /{ E 8 T

i
| R e R T TR

—

(]
(
(@]
3
Q
— N
; 1
TSR I R
—
—
I
L
t
—'—t“’f;
Lo e sl
T
I
’4‘_L 1
11 1
1
1] 1
T T

OJJJP L I LT il:

Mach number, M

(a) C C,.. , and Cm .

A, a=0°" N
a a

Figure 32.- Summary of longitudinal-stability parameters for configuration I.

|
0 .4 .8 1.2 L6 2.0 2.4

203



10

204

-

J m H “
__H__: [ A i H AT T T T

- - - - __ Without fins; a =0°

__‘___: / \
| L_\_  With fins;a=0°

EEREN — — — _ Approx. c.g. travel

A — ———_ Withfins; @ =15°

A i NI — —  Without fins; a = 15°

H \ | | —— With fins, estimated; a = 0°

T
pad

I
]
|

|
]
i
~=

1

LLLETTT
|
4/

i IR Hmu |
i 'WT”‘U
T | —'r‘

!

]
==

P

T

IS R

[ 11
]
|

e

T
I
B
\—
T
1
U
=
I
AY
¥
)
T
7
i
|
1
g

TP [TT
11
—
|
|
1 I
1
]
i I
¥ i
I I
Al ]
[}
1
1
1
!
T
[ !

- i EREEE = I :L_
F- }- - 1 AT
-+ 4+ 4 ] B ]
] I R o A S2tdy
\E LT AT
| ] 4 7
T 5 [ j/vt ;'([,w\f
g e T TN 1T W [
T T v B = ‘¢ ] g 1 T
1 [ I EA 11 B \
- [ ] i :_ N ] k I
EREsRE=dnR 11 oS !

0 4 .8 L2 L6 2.0 2.4

Mach number, M

Figure 32. - Concluded.



EITIEEEEE P T
EEE - Medium S/M and small fins
£ = S Medium S/M and large fins
T ————— Medium S/M and no fins
25T L7
HL UL L L =T
cmﬂ EREREREN -a’—-L =171 2 skak:
.1
0 L]
.6
FEN X J T
b b N J J
4 / fJ“‘k\% ~L] j
C ; '*-1 N:J\ L
b L e TR,
1T
2 AJ_H_F ,‘,/ ﬁ\F’“r‘ REEREE -_,_! -
I -1*3 r
1]
0 T ]
4 i
LA ~T TET R 1
oy o HHRT 1 ]
a T BERERE § R
i T
L RaREs FRSBARE S nnn
Nbutibuhiuthin
0 .5 1.0 1.5 2.0 2.5

Mach number, M

(a) Cm s cA,b’ CN
o o

Figure 33. - Effect of booster fin size on configuration II with medium service module.

205



!
—
]
[
[

_.;—" [T g T TR
T
WERERRg 4 wnga

Medium S/M and small fins H
—~———— Medium S/M and large fins i1
———~—— Medium S/M and no fins :
L6 EeRgafazaRgREc:

. 4.4

o T H T ENE
i N
L2 SSmdubun
1 T R HTH
[ ({31 el - 41
L T

CD, a=0° .8 _> A 7

I

I

1
ks

]

—-
]
1

NN
At

NG

1
MR
T
1
A_T;‘
IS I
I
nma;

—
b[_L

T

T

-

{

i
PR

-t

I N
:
1
It

T

1.0 1.5 2.0 2.5
Mach number, M

)
N .

W

o
W

XC
b —5>=, C

D, a=0°"

Figure 33.- Concluded.

206




_____________
i

_______

—_aer g

@ c_ , cC




Medium S/M and large fins

T ———=—~~Llong S/M and large fins

—— ——— Short S/M and large fins

Mach number, M

X

C

=OO).

) (@

(b)

.p-
and CD

D

- Concluded.

Figure 34.

208



.14

12 VT

.10 ERASE

.08

.06

.04

.02

|
|
1
3]
Q
I
>
~
(e}
1
o
1T

*=0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Mach number

(a) CN and Cm
o a

Figure 35. - Summary data for configuration III without the stabilizing disk on
the rocket motor (6 ¢ = O°>.

209



L=t

SRR RNNRE SN \/’_——PV’4’
16
sumEghE
0
1
.4 i
C TN 11
A,b, a=0° { \\\\
2 Y .\"‘—\
0
.8

T T T T T TTTTT

0 5 1.0 1

xcp
(b)'—Ti_% c

.5

2.0 2.5 3.0

| L LT
N
o
Pl |
Tl ]

Mach number

Figure 35.- Concluded.

210

3.5

A,b, (@=0°y ¥4 Cp (4-0°)

ST
(2]
T

°]

4!




-.004 :
-.008 E
-.012 j j
C LT ,//’ :EE
aszQ° 11 1T
h o i Biii
-.016 //’ EEE:
-.020 E
{ Fi
-.024 ES
-.028 .
0 HH
-.004 H
-.008 T =
c 1 H
d¢=0° \ A n
O HH
-.012 //// i
-.016 T 55
\——//A/ mEam
~.020i L il i | 1
0 Q) . 2,0 2.5 3.0 3.5 4.0 4.5 5.0

i
[
.

[
[5)]

Mach number

Figure 36.- Summary data of hinge-moment coefficient for configuration III (without
stabilizing disk).

211



212

11
r 11
N
: N | Ll
N
. N\
HH L l H
g \
- \ T
I \
T 1111 L w
i _,
magas i
HHH H 1 4 L _l
(T ]
H ﬁ
T i i ] ]
- \
Pl Al
] IREANS L1 Tl
L .4/ 4 ]
T NI
Eeaul| RS L
SENNENEN il 1IN
1 B [ -
l[‘\ L 1 B
EJV N | I
AnumHSN] N /ﬁ
T T N
B L
SEEEEN! ! 1] H ;
= o 38 S S8
1 ' i N i’
2
o
©
£

H

N

e

N
X\

-.06

-.07

5.0

4.5

4.0

3.5

3.0

2.5

2.0

L5

1.0

Mach number, M

Figure 37.- Summary data of trailing-edge control-surface effectiveness for configuration III

(without stabilizing disk).



L4 =
.3 411 s T
L4 T
[ p
a4 et ™ .
C i NIt
I, a=Q0° g
WL R T TisH
.1 ]
it Lot ]
0 & H
.4
pricy ]
LA
2 UL LT LD e BT

13

(2]
I
i
153

5 =Q°
(o] SEENERANNSTRASESTARIRNEERNNSEE LS AT s =457 O
—-—s = zl0°

Yo

|
[
Il
1

ya
¥4
1
Y
)

t
AT

=3
-1

1

Q
T

-.05

NSNS

T ME{ 1 T
T T T T TV P T T TV T

Mo

IR

-.10 T

s | i
0

.2 4 .6 .8 1.0 1.2
Mach number

Ji
H
1
[

Figure 38.- Summary data for differential deflection of trailing-edge control surfaces
for configuration ITII (without stabilizing disk).

NASA-Langley, 1968 —— 31 S_161 213



National Aeronautics and Space Administration FIRST CLASS MAIL

WASHINGTON, D. C.

OFFICIAL BUSINESS

TR Y 9 I g b G20
RO Loy Lty ATy ARl /
it { THA D VS oo vt X o 1L o
! | ; T RV

POSTMASTER:

“The aeronantical and space activities of the United States shall be
conducted so as to contribute . . . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning s activities and the results thereof.”

—NATIONAL AERONAUTICS AND SPACE ACT OF 1958

POSTAGE AND FEES PAID
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

If Undelivérable (Section 158
Postal Manual) Do Not Returr

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and technical information considered
important, complete, and a lasting contribution to existing knowledge.

TECHNICAL NOTES: Information less broad in scope but nevertheless of
importance as a contribution to existing knowledge.

TECHNICAL MEMORANDUMS: Information receiving limited distribu-
tion because of preliminary data, security classification, or other reasons.

CONTRACTOR REPORTS: Scientific and technical information generated
under a NASA contract or grant and considered an important contribution to
existing knowledge.

TECHNICAL TRANSLATIONS: Information published in a foreign
language considered to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information derived from or of value to NASA
activities. Publications include conference proceedings, monographs, data
compilations, handbooks, sourcebooks, and special bibliographies.

TECHNOLOGY UTILIZATION PUBLICATIONS: Information on tech-
nology used by NASA that may be of particular interest in commercial and other
non-aerospace applications. Publications include Tech Briefs, Technology
Utilization Reports and Notes, and Technology Surveys.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Washington, D.C. 20546



